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Forty one Brazilian strains of Ralstonia solanacearum
from ornamental plants (Begonia sp., Fuchsia sp., Oxalis
sp., Pelargonium x hortorum and Tagetes sp.), eucalyp-
tus (Eucalyptus sp.), Solanaceae (Nicotiana tabacum,
Solanum jilo, S. lycopersicum, S. melongena, S. tubero-
sum), banana (Musa sp.) and heliconia (Heliconia sp.),
belonging to three different races and five biovars, were
characterized by ERIC and BOX-PCR and classified in
phylotypes by sequence analysis of the endoglucanase
(Egl) and MutS genes. The virulence of 22 strains was
evaluated on tomato cv. Petomech VF, potato cv. Agata
and tobacco var. Burley. In the ERIC and BOX-PCR
analysis, strains were separated into two main clusters
showing high genetic diversity among them, with no
correlation concerning race, biovar or geographical ori-
gin. Phylogenetic analysis based on sequences of part of
the Egl and MutS genes revealed the predominance of
phylotype II in Brazil. With exception of strains belong-
ing to race 2, which were not included in the experi-
ments, pathogenicity tests carried out with different
strains of R. solanacearum showed high virulence on
tomato and potato, and lower virulence on tobacco,
showing no relationship with race, biovar or host plant
from which the tested strain were originally isolated.
Key words: bacterial wilt, phylotypes, virulence, ge-
netic diversity.
INTRODUCTION
Ralstonia solanacearum [(Smith, 1896) Yabuuchi et
al., 1995] (Ras), causal agent of bacterial wilt in more
than 200 plant species belonging to different botanical
families, is responsible for serious losses of economically
important agricultural crops in warm and temperate re-
gions of the world. This bacterium is soil-borne and its 
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control is very difficult due the environmental condi-
tions and the high pathogenic diversity. Resistant culti-
vars are available for only some plant species but, even
in this case, probably not for all Ras strains (Bud-
dnhagen et al., 1962; Hayward, 1964, 1994).
Ras is currently classified into five races (R) based on
pathogenicity to different host plants and six biovars
(bv), according to carbohydrate utilization (Hayward,
1964; Hayward et al., 1991; He et al., 1983; Xue et al.,
2011). Race 1, the most widely distributed in the world,
affects solanaceous and other host plants from several
botanical families; Race 2, occurring mainly in tropical
areas, causes the Moko disease on bananas in South
America, Philippines, Hawaii and Asia, and also infects
Heliconia and ornamental musaceae; Race 3 usually oc-
curs at higher altitudes in tropical areas and in those
with temperate climate and affects mainly potato and
tomato and, to lesser extent, other hosts such as solana-
ceous weeds and geranium; Race 4 infects ginger and
occurs in the Philippines; Race 5 affects mulberry in
China (Buddenhagen et al., 1962; Hayward, 1964; Hay-
ward et al., 1991; He et al., 1983). 
Apart from classification into races and biovars, Fe-
gan and Prior (2005) proposed a new classification sys-
tem, using the so called phylotypes, based on a study of
partial sequences of the spacer region 16S-23S rDNA
(ITS) and the housekeeping genes Endoglucanase and
MutS (DNA mismatch repair gene). They subdivided
Ras into four phylotypes, corresponding to the four ge-
netic clusters, associated with the geographical origin of
the strains: phylotype I includes strains originated in
Asia (bvs III, IV, V and VI); phylotype II strains from
America (bvs I, II and IIT); phylotype III includes
strains from Africa (bvsI and IIT); and phylotype IV
strains from Indonesia (bvsI, II and IIT) (see Fegan and
Prior, 2005; Prior and Fegan, 2005; Wicker et al., 2007;
Champoiseae and Jones, 2009). The genetic diversity of
Ras has also been evaluated by molecular techniques
such as rep-PCR (Smith et al., 1995; Horita and
Tsuchiya, 2001; Martins and Rudolph, 2002; Costa et
al., 2007; Nouri et al., 2009), AFLP (Yu et al., 2003;
Fouché-Weich et al., 2006) and PCR-RFLP of the hrp
gene (Poussier et al., 2000).
According to Prior and Steva (1990), different iso-
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lates of Ras may exhibit variation in pathogenicity level,
host range and virulence. Buddenhagen and Kelman
(1964) emphasized that the degree of virulence of this
bacterial species may be related to the production of ex-
tracellular polysaccharides (EPS), whereas Pun and Ad-
dy (1988) stated that there is no correlation between vir-
ulence and EPS production.
In Brazil, studies on the virulence of Ras for three
tomato cultivars showed a substantial variability of Ras
bvs I and III (Martins et al., 1988), and similar results
were obtained by Morgado et al. (1992) and Silveira et
al. (1998) with eggplant and tomato, respectively. Little
is known, however, about Ras virulence to Brazilian or-
namentals and eucalyptus. 
In this study, 41 Brazilian strains of Ras isolated from
different hosts were investigated using rep-PCR and se-
quence analysis of the endoglucanase (Egl) and MutS
genes. Moreover, the virulence of 22 bacterial strains re-
covered from ornamentals, eucalyptus, members of the
solanaceae and wild plants from different regions and
classified into five different biovars, three races and two
phylotypes, were tested by artificial inoculations to po-
tato cv. Agata, tomato cv. Petomech VF and tobacco
var. Burley.
MATERIALS AND METHODS
Bacterial strains. The 41 Ras strains from different
hosts and or geographical regions used in this study
were obtained from the Phytobacteria Culture Collec-
tion of the Biological Institute (IBSBF), Campinas-São
Paulo (Brazil) (Table 1) and grown on TZC medium
(Kelman, 1954) and nutrient agar (NA) (Difco, USA) at
28°C for 48 h. Genomic DNA was extracted according
to Pitcher et al. (1989) and stored at -20°C.
BOX and ERIC-PCR amplification and data analy-
sis. Amplification reactions were conducted with
primer sets: BOX A1R (5’-CTA CGG CAA GGC GAC
GCT GAC G-3’); ERIC1R (5’-ATG TAA GCT CCT
GGG GAT TCA C-3’) and ERIC2 (5’-AAG TAA GTG
ACT GGG GTG AGC G-3’) (Louws et al., 1999). PCR
was conducted with a GeneAmp PCR System 9700
thermocycler (Applied Biosystems, USA) in a 25 µl re-
action volume containing: 150 ng DNA, 2.5 units of Taq
polymerase (MBI Fermentas, Lithuania), 1X PCR
buffer, (MBI Fermentas, Lithuania) 200 µM of each
dNTP, 0.5 µM primer BOX and 1.5 mM MgCl2. The
following cycling conditions were used: one cycle of ini-
tial denaturation at 95°C for 7 min, followed by 30 cy-
cles of 94°C for 1 min, 53°C for 1 min and 65°C for 8
min; and a final extension cycle at 65°C for 15 min. ER-
IC-PCR reaction in a 25 µl volume containing: were
performed with 2.5 units of Taq polymerase (MBI Fer-
mentas, Vilnius, Lithuania), 1X PCR buffer, 200 µM of
each dNTP mixture, 0.5 µM of each primer and 1.5
mM MgCl2. The amplification conditions included one
cycle of initial denaturation at 95°C for 7 min, followed
by 30 cycles of 94°C for 1 min, 53°C for 1 min and
56°C for 8 min; and a final extension cycle at 65°C for
15 min. Samples (10 µl) were examined by elec-
trophoresis on 1.5% agarose gels in 1X TAE buffer.
Gels were stained with ethidium bromide (10 mg ml-1).
Fragments sizes were determined by comparison with
DNA molecular weight markers 100 bp DNA ladder
Plus (MBI Fermentas, Lithuania).
For each primer and for each strain, bands were
scored as present (1) or absent (0) and the readings
were entered in a computer file as a binary matrix. Simi-
larity coefficients for all pairwise combinations were de-
termined by using Dice’s coefficients and clustered by
unweighted paired cluster method using arithmetic av-
erages (UPGMA) by means of NTSYS-pc program
(Ruhlf, 1992). The cophenetic correlation coefficient
was calculated to test the goodness of fit between the
similarity and the cophenetic matrices.
Amplification and sequencing of part of Egl and
MutS genes. Approximately 100 ng DNA of each strain
was used to amplify part of the endoglucase gene (Egl)
using primer set Endo-F (5’-CAT GCC ATG GGT
GCT CGC CGC-3’) and Endo-R (5’-GCG TTG CCC
ACG GGC AAC ACC-3’) (Wicker et al., 2007). Ampli-
fication conditions were: 2 units of Taq polymerase
(MBI Fermentas, Lithuania), 1X PCR buffer, 200 µM of
each dNTP mixture, 0.4 µM of each primer and 1.5
mM MgCl2, in a final reaction volume of 25 µl. The am-
plification program consisted of one cycle of initial de-
naturation at 96°C for 9 min, followed by 30 cycles at
95°C for 1 min, 70°C for 1 min and 72°C for 2 min; and
a final extension cycle at 72°C for 10 min. The MutS se-
quence was amplified using the primer set MutS-
RsF.1570 (5’-ACA GCG CCT TGA GGT ACA GCC-
3’) and MutS-RsR.1926 (5’-GCT GAT CAC CGG CCC
GAA CAT-3’) (Wicker et al., 2007). The PCR reactions
in a 25 µl volume contained 1.25 units of Taq poly-
merase (MBI Fermentas, Lithuania), 1X PCR buffer,
200 µM of each dNTP mixture, 0.2 µM of each primer
and 1.5 mM MgCl2. The amplification program consist-
ed of one cycle of initial denaturation at 96°C for 5 min,
followed by 35 cycles of 94°C for 1 min, 66°C for 1 min
and 72°C for 30 sec; and a final extension cycle at 72°C
for 5 min (Wicker et al., 2007). Reactions were carried
out with the above mentioned thermocycler.
PCR products corresponding to a part of the Egl and
MutS genes were purified using the kit Wizard SV Gel
and PCR Clean-Up System (Promega, USA) according
to the manufacturer’s protocol. Sequencing (Sanger’s
metodology) was done using an ABI PRISM 3700 DNA
Analyzer (Applied Biosystems-Hitachi) at the Center of
Molecular Biology and Genetic Engineering (CBMEG),
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Table 1. Strains of Ralstonia solanacearum utilized in this study. 
     GenBank acession





GMI 1000* Tomato III 1 I-18 French Guyana AF295251 AY756804
JT 523* Potato III 1 I Reunion Island AF295252 AY756803
JT 519* Geranium - - I-31 Reunion Island GU295032 -
IBSBF 1839a Begonia hyb. III 1 I-31 Holambra - SP HM142836 HM142869
IBSBF 1882 a Begonia hyb. III 1 I-31 Atibaia - SP HM142838 HM142871
IBSBF 1883 Begonia hyb. III 1 I-31 Atibaia - SP HM142839 HM142872
IBSBF 2000 a Tomato III 1 I-18 Manaus - AM HM142840 HM142873
CFPB 2047 T* Tomato I 1 II A-7 U.S.A. AF295262 AY756799
JS 927* Tomato - - II A-7 Porto Rico GU295027 -
IBSBF 1900* Banana - 2 II A-24 Brazil EF371839 -
IBSBF 1546* Fuchsia I 1 II A-35 Registro - SP EF371838 EF371877
CFBP 2957* Tomato I 1 II A-36 Case Pilote (France) AF295265 EF371845
CFBP 7032* Tomato - - II A-41 Cameroon EF439726 -
T1-UY* Tomato - - II A-50 Uruguay GU295049 -
IBSBF 33 a Tomato I 1 II A Elias Fausto - SP HM142852 HM142886
IBSBF 188 Banana I 2 II A-24 Humaita - AM HM142837 HM142870
IBSBF 309 a Tobacco I 1 II B-25 Vale do Itajai - SC HM142851 HM142885
IBSBF 623 a Eucalyptus I 1 II A Jari - PA HM142854 HM142888
IBSBF 625 a Eucalyptus I 1 IIA Esplanada - BA HM142856 HM142890
IBSBF 638 a Eucalyptus I 1 II A Jari - PA HM142857 HM142891




I 1 II A-50 Planaltina - DF HM142825 HM142858




I 1 II A Coari - AM HM142828 HM142861
IBSBF 1546 a Fuchsia I 1 II A-35 Registro - SP HM142829 HM142862
IBSBF 1548 a Sorrel I 1 II A-35 Sao Paulo - SP HM142830 HM142863
IBSBF 2131 Eucalyptus I 1 II A Carbonita - MG NS NS
IBSBF 2132 Eucalyptus I 1 II A Carbonita - MG NS NS
IBSBF 2133 a Eucalyptus I 1 II A Carbonita - MG HM142841 HM142874
IBSBF 2518 a Marigold I 1 II A-50 Planaltina - DF HM142842 HM142875
IBSBF 2525 a Eucalyptus I 1 II A-36 Eunapolis - BA HM142843 HM142876
IBSBF 2526 Eucalyptus I 1 II A-36 Eunapolis - BA NS HM142877
IBSBF 2548 a Eucalyptus I 1 IIA Para HM142844 HM142878
IBSBF 2568 Eucalyptus I 1 II A S. Fco. do Sul - SC HM142845 HM142879
IBSBF 2576 Eucalyptus I 1 II A S. Fco. do Sul - SC NS NS
IBSBF 2577 a Eucalyptus I 1 II A S. Fco. do Sul - SC HM142848 HM142882
IBSBF 2569 Banana I 2 II A Japoata - SE NS NS
IBSBF 2570 Banana I 2 II A Japoata - SE NS NS
IBSBF 2571 Banana I 2 II A Japoata - SE NS NS
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UNICAMP, Campinas, São Paulo, Brazil. The partial
sequences of the of Egl and the MutS genes were edited
and aligned through the Clustal W algorithm using the
BioEdit program (Hall, 1999) and the phylogenetic
trees were constructed by the Neighbor-Joining and
maximum parsimony with bootstrap analysis (1000 or
2000 repeats) in the program MEGA (Kumar et al.,
2004). Sequences of these Ras genes available (Wicker
et al., 2007; Cellier and Prior, 2010) in GenBank
(www.ncbi.nlm.nih.gov/genbank) were included in this
study for comparison purposes for classifying the Brazil-
ian strains in phylotypes and sequevars (Table 1).
Pathogenicity tests and data analysis. Plants of pota-
to cv. Agata, tomato cv. Petomech VF and tobacco var.
Burley with six to eight expanded true leaves grown at
25-30°C in potted soil, were needle-inoculated at the in-
sertion point of petioles of the third pair of true leaves,
in the region where shortly before 30 µl were deposited
of a bacterial suspension prepared from a 24 h culture in
NA (108 CFU ml-1), calculated spectrophotometrically
according to Williamson et al. (2002). Control plants
were inoculated with sterile distilled water only. The ex-
periments were carried out with four replicates for each
inoculated strain. Plants were kept in a greenhouse at
the Biological Institute, Laboratory of Plant Bacteriology
(IB/APTA) at Campinas, from November 2007 to April
2008 at 25-30°C. In the experiments, 22 Ras strains com-
prising 16 isolates of biovar I, one of biovar II, one of
biovar IIA, one of biovar IIT and three of biovar III,
classified into two phylotypes (I and II), were tested
(Table 1). Cultures were grown on TZC medium (Kel-
man, 1954) and incubated at 28°C for 24-48 h for select-
ing virulent colonies (fluidal aspect and white to pink
IBSBF 2572 Banana I 2 II A Japoata - SE NS NS
IBSBF 2573 Banana I 2 II A Japoata - SE NS NS
IBSBF 2574 Banana I 2 II A Japoata - SE HM142846 HM142880
IBSBF 2575 Banana I 2 II A Japoata - SE HM142847 HM142881
IBSBF 2644 Heliconia I 2 II A-35 Abreu e Lima - PE HM142849 HM142883
IBSBF 292T, a Tomato I 1 II A-7 U.S.A. HM142850 HM142884
CFBP 3858* Potato - - II B-1 Netherlands AF295259 -
CFPB 3879* Potato - - II B-2 Colombia GU294954 -




CFBP 6780* Tomato I 1 II B-4 Ste Anne (France) EF371830 EF371864
CFBP 6786* Tomato I 1 II B-4 Fort de France (France) EF371823 EF371858
IBSBF 2001* Tomato - - II B-25 Brazil GU295017 -
CIP 240* Potato - - II B-26 Brazil EF647739 -
IBSBF 1712* Geranium II 3 II B-27
Vargem Grande Paulista -
SP
EF371833 EF371869
NCPPB 3987* Potato - - II B-28 Brazil AF295261 -
IBSBF 59a Potato II A 3 II B-1 Capao Bonito - SP HM142853 HM142887
IBSBF 134 Potato II 3 II B-25 Itutinga - MG HM142826 HM142859
IBSBF 624a Eucalyptus II T 3 II B-26 Tucurui - PA HM142855 HM142889
IBSBF 1561 Gilo I 1 II B-4
Sao Gabriel da Cachoeira -
AM
HM142832 HM142865
IBSBF 1708 Geranium II 3 II B-27
Vargem Grande Paulista -
SP
HM142833 HM142866
IBSBF 1711 Geranium II 3 II B-27
Vargem Grande Paulista -
SP
HM142834 HM142867
IBSBF 1712a Geranium II 3 II B-27
Vargem Grande Paulista -
SP
HM142835 HM142868
CFPB 734* Potato I 1 III Madagascar AF295274 AY756746
JT 525* Geranium I - III-19 Reunion Island AF295272 AY756786
PSI 7* Tomato - - IV-10 Indonesia EF371804 AY756732
IBSBF = Phytobacteria Culture Collection of the Instituto Biologico, Campinas, SP - Brazil; CFBP = Collection Française
de Bactéries Phytopathogènes; NCPPB = National Collection of Plant Pathogenic Bacteria; T = Type strain; *= sequences
of GenBank; NS = not sequenced; - = not available; a= strains used for pathogenicity tests.
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coloration). For pathogenicity tests, bacterial strains
were transferred to NA and incubated at 28°C for 24-48
h. Race 2 strains were not included in the pathogenicity
tests due to Brazilian quarantine restrictions.
Virulence of the strains was evaluated at 6, 13, 20
and 27 days post inoculation (dpi) using of a scale
adapted from Morgado et al. (1992) ranging from 0 to 5
where: 0 = healthy plants, 1 = plants with one leaf with
yellowing or wilted, 2 = plants with two leaves wilted, 3
= plants with three to five leaves wilted, 4 = plants with
all leaves wilted except the apex, and 5 = plants with all
leaves wilted or plant dead. The disease index (DI) was
calculated according to Winstead and Kelman (1952):
DI = [Σ (i × Ni)]/(N × 5)
where Ni = number of plants in each class of symptom;
i = score given to the ranging wilt symptoms of inoculat-
ed plants (0-5); N = total number of inoculated plants; 5
(maximum score of the scale).
RESULTS
Rep-PCR. The genetic relatedness of the 41 Brazilian
strains of Ras was investigated using BOX and ERIC-
PCR yielding fingerprints with ca. 35 and 43 bands re-
spectively, ranging from 500 bp to 3.5 Kb. Data matri-
ces consisting of 24 BOX-PCR and 28 ERIC-PCR
bands were subjected to cluster analysis (Dice) and re-
sulting similarity data used to generate UPGMA den-
drograms (Fig. 1 and 2).
The patterns generated by BOX A1R primers
showed a high genetic diversity separating the 41 strains
into two main clusters. Cluster I included only three
strains of Pelargonium R3/bvII (IBSBF 1708, 1711 and
1712) and Cluster II comprised the remaining 38
strains, separated in two subclusters “a” and “b”. Nine-
teen patterns were represented by only one strain. The
subcluster “a” consisted only of bvI strains with one ex-
ception, strain IBSBF 59 which belongs to bvII. This
subcluster included strains from six states out of a total
of nine states surveyed. The remaining bvII strains clas-
sified as R3/bvII from potato (IBSBF 34) and Eucalyp-
tus (IBSBF 624) were allocated in subcluster “b”, which
also included bvs I and III strains. A high genetic diver-
sity was observed in cluster II as demonstrated by ten
strains isolated from Eucalyptus from four different
states which were allocated into different clusters (II
“a” and II “b”). Moreover, the eight banana strains
from northern and north-eastern regions of Brazil were
included in the same cluster (II “a”) (Fig. 1). 
Patterns generated by ERIC primers also allowed
separation of the 41 Ras strains into two main clusters:
cluster I was composed by two banana strains from the
state of Amazon (IBSBF 188, 1543) and one related
strain from Heliconia (IBSBF 2644) (genus Heliconia,
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Fig. 1. Genetic diversity of 41 Brazilian strains of R. solanacearum. Dendrogram generat-
ed according to the fingerprint of strains, using the BOX primer AR1, based on the UP-
GMA method, using Dice similarity coefficient (cophenetic value = 0.88).
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family Heliconiaceae) formerly belonging to the family
Musaceae, both host of Ras R2. The banana strains
from Sergipe were allocated in cluster II, subcluster “b”
with approximately 10% similarity among banana
strains from Amazonas. These strains were included in
the same cluster with 50% similarity in the BOX experi-
ments. Cluster II comprised the remaining 38 strains di-
vided into two subclusters, “a” and “b”, each compris-
ing 19 strains. Twenty clusters were represented by only
one strain. Subcluster “a” was composed by biovars I, II
and III strains, whereas subcluster “b” included mainly
bvI strains with exception of the three bvII Pelargonium
strains (Fig. 2). Of the 19 strains of this subcluster, 14
were the same strains found in subcluster “a” in the
BOX experiments. Regarding Eucalyptus strains, they
also presented high genetic diversity and were casually
distributed in different clusters. In both experiments
(BOX and ERIC-PCR), no correlation was found with
host, race, biovar or geographical origin.
Combination of BOX and ERIC-PCR data, did not
reveal the bvI strains predominance in the same cluster,
indicating that a better clustering was obtained when
separate BOX or ERIC analyses were used. 
Phylogenetic analysis of the endoglucanase (Egl)
gene. Amplification of genomic DNA with primers En-
do-F/Endo-R corresponding to part of the endoglu-
canase (Egl) gene, which encodes a moderately con-
served virulence factor in Ras, resulted in a fragment of
750 bp for all 41 strains. Egl sequences of Ras were re-
trieved from GenBank (Wicker et al., 2007; Cellier and
Prior, 2010), and included in the phylogenetic analysis
for comparison and classification of the Brazilian strains
in phylotypes and sequevars (Fig. 3). Strains belonging
to bvI and bvII were classified in phylotype II subclus-
ters A and B whereas the bvIII/R1 strains IBSBF 1839,
1882, 1883 from Begonia hybrid and IBSBF 2000 from
tomato were classified in phylotype I. The phylotype II
subcluster A included only bvI strains and subcluster B,
bvII strains and two bvI strains, IBSBF 1561 (isolated
from Solanum jilo, in the state of Amazonas) and IBSBF
309 (from tobacco in the state of Santa Catarina).
In the sequevars classification, sequences of the Egl
gene of Brazilian strains were compared with sequences
of this Ras gene available in GenBank and the sequevars
of 21 strains were determined. Some strains remained in
separate clusters without relationship with the seque-
vars described by Wicker et al. (2007) and Cellier and
Prior (2010).
Phylogenetic analysis of the MutS gene. The amplifi-
cation of part of the MutS gene resulted in a fragment of
750 bp for all 41 Ras strains. Sequencing of this MutS
gene fragment allowed the classification of the strains in
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Fig. 2. Genetic diversity of 41 Brazilian strains of R. solanacearum. Dendrogram generat-
ed according to the fingerprint of strains using primers ERIC1R ERIC2, based on the
UPGMA method using Dice similarity coefficient (cophenetic value = 0.71).
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phylotypes via construction of phylogenetic tree, using
GenBank sequences for comparison (Wicker et al.,
2007; Cellier and Prior, 2010) (Fig. 4). As observed in
the Egl gene analysis, the bvI and bvII strains were in-
cluded in phylotype II subclusters A or B distributed in
different sequevars; and bvIII strains in phylotype I, se-
quevars 18 or 31 (Table 1). Differently from what ob-
served in the Egl analysis, bvI IBSBF 309 (from tobac-
co) was allocated in subcluster A, whereas the strains
isolated from Pelargonium (IBSBF 1708, 1711 and
1712) were comprised in phylotype IIB, as observed by
Wicker et al. (2007). 
Pathogenicity tests. Virulence experiments showed
that all Ras 22 strains were pathogenic to potato, tomato
and tobacco with a large variation in the disease index
(DI), that showed no correlation with the classification
of race, biovar or phylotypes (Table 2). Of the three
species of solanaceae tested, potato cv. Agata was the
most susceptible, with a DI greater than or equal to
80%, to 19 strains at 13 dpi. At 27 dpi, only two strains
(IBSBF 2525 and 2568), both from eucalyptus, showed
DI less than 90% (Table 2). All strains used in the ex-
periments were able to induce wilt symptoms on tomato
seedlings cv. Petomech VF, but strains IBSBF 292, 625,
623, 1548 and 2131 were less virulent, with DI less than
or equal to 55%. The most aggressive strains to tomato
were IBSBF 33, 59, 309, 1712, 1839, 1882, 2000 and
2525, with DI of 100%, at 13 dpi, except for strain IBS-
BF 2000 which wilted tomato seedlings six dpi (Table
2). It should be noted that the strains IBSBF 59 and IB-
SBF 1712, belonging to R3/bvII, isolated from potato
and Pelargonium, respectively, showed DI values higher
than those afforded by most strains of race 1 when inoc-
ulated to tomato plants. These results indicate that
strains belonging to race 3 could be more aggressive to
solanaceous hosts other than potato under natural con-
ditions.
DISCUSSION
In this study, the genetic diversity of Ras strains be-
longing to biovars I, II and III was investigated using
Journal of Plant Pathology (2012), 94 (3), 505-516 Rodrigues et al. 511
Table 2. Disease Index (%) obtained in the virulence experiments with strains of Ralstonia solanacearum on potato cv.
Agata, tomato cv. Petomech VF and tobacco var. Burley.
Potato  Tomato  Tobacco
IBSBF
6 dpi 13 dpi 20 dpi 27 dpi  6 dpi 13 dpi 20 dpi 27 dpi  6 dpi 13 dpi 20 dpi 27 dpi
33 50* 90 100 - 45 100 - - 0 0 35 35
59 80 100 - - 55 100 - - 0 0 20 25
309 90 100 - - 45 100 - - 20 95 100 -
623 70 90 100 - 30 40 50 50 5 10 15 40
624 85 100 - - 20 40 45 80 0 0 20 20
625 30 85 100 - 0 25 30 40 0 0 15 20
638 80 100 - - 10 30 45 60 0 15 35 40
1148 65 100 - - 10 35 40 60 0 0 20 20
1545 50 100 - - 30 60 65 75 0 0 10 80
1546 60 100 - - 45 60 40 65 0 0 20 20
1548 70 100 - - 0 30 40 55 5 20 20 25
1712 75 100 - - 50 100 - - 0 5 20 30
1839 100 - - - 75 100 - - 0 0 20 25
1882 100 - - - 65 100 - - 0 5 30 35
2000 40 80 90 90 100 - - - 0 0 25 25
2131 100 - - - 35 50 50 55 25 70 75 95
2518 50 100 - - 25 85 85 85 5 40 40 65
2525 0 40 55 85 65 100 - - 0 40 40 60
2548 100 - - - 45 80 85 85 0 15 35 60
2577 5 65 80 100 20 55 65 80 0 0 20 25
2568 0 35 70 85 30 60 65 80 0 30 40 55
292T 75 100 - -  15 30 40 50  45 80 100 -
dpi = days post inoculation; - = not available; T = Type strain.
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BOX and ERIC-PCR fingerprints in order to obtain in-
formation about unusual hosts such as ornamentals (Be-
gonia hybrid, Fuchsia sp., Oxalis sp., Pelargonium x hor-
torum and Tagetes sp.) and Eucalyptus from different ge-
ographical regions of Brazil (Malavolta et al., 2008).
The 41 Brazilian Ras strains analyzed showed sub-
stantial genetic diversity in the amplification of BOX
and ERIC elements and no correlation was found with
host, race, biovar or geographical origin, although 14
bvI strains isolated from different hosts remained clus-
tered in both analyses. Curiously, one bvII strain from
potato (IBSBF 59) grouped with these strains in the
same experiments and not with the other bvII strain
from potato. Silveira et al. (2005), after analyzing Ras
strains isolated from potato, concluded that BOX-PCR
was an effective technique for detecting diversity among
bvI, but not for bvII strains, in agreement with Smith et
al. (1995) who concluded that BOX-PCR was not effi-
cient for detecting genetic diversity of Ras bvII/R3
strains from Kenya. However, in our study low similari-
ty values (18%) between two bvII potato strains (IBSBF
59 and 134) were found, and therefore, further studies
involving a larger number of strains bvII from potato
might possibly clarify this finding.
Based on Egl and MutS gene sequences the 41 Brazil-
ian strains were classified into phylotypes I, IIA and
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Fig. 3. Phylogenetic tree based on the partial sequence of endoglucanase gene (Egl) of Brazilian R. solanacearum strains. Numbers
at the nodes of branches represent the percentages of occurrence of clusters based on analysis of 2000 bootstrap replicates. The
bar indicates 5% difference in the sequences. *= Sequences from GenBank.
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IIB, and different sequevars. No correlation was ob-
served, however, between these gene sequences and spe-
cific clusters shown by strains in BOX- and ERIC-PCR
fingerprints. Our results agree with Xue et al. (2011)
who investigated a great number of Ras strains isolated
mainly from solanaceous hosts in China by flic-RFLP,
Egl gene sequence and BOX-PCR analysis, and found a
high diversity of the strains in the BOX experiments
with no correlation with phylotype classification. 
According to Fegan and Prior (2005), strains from
America belonging to biovars I, II and IIT were classi-
fied into phylotype II, based on the sequence of the ITS
region, hrpB and Egl genes, and further divided in two
subclusters, A and B (Wicker et al., 2007). The same
was found in our study, with predominance of this phy-
lotype (90%), regardless of the host and geographical
origin.
In this study, only bvIII strains from Begonia (IBSBF
1839, 1882 and 1883) and tomato bvIII strain (IBSBF
2000) were classified in phylotype I. Some bvIII strains
(GMI 1000 and JT 523) from different hosts were clas-
sified in this phylotype by Wicker et al. (2007), indicat-
ing that, probably, all bvIII strains belong to phylotype
I. The occurrence of Ras bvIII strains, in northern and
north-eastern regions of Brazil is well know as shown by
Martins et al. (1998), Silveira et al. (1998), Coelho Neto
Journal of Plant Pathology (2012), 94 (3), 505-516 Rodrigues et al. 513
Fig. 4. Phylogenetic tree based on the partial sequence of DNA repair MutS gene of Brazilian R. solanacearum strains. Numbers at
the nodes of branches represent the percentages of occurrence of clusters based on analysis of 1000 bootstrap replicates. The bar
indicates 5% difference in the sequences.
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et al. (2004) and Costa et al. (2007) who studied the
pathogenic diversity of Ras strains on different hosts.
Although these findings suggest that this phylotype may
be widely distributed in Brazil, this hypothesis should
be better investigated.
There are only a few studies on the virulence of Ras
on tobacco. The bacterial strains we tested were all
pathogenic and pathogenic to all tested solanaceae.
They were more agressive to potato than to tomato or
tobacco in accordance with Silveira et al. (1998) and
Martins et al. (1998) who found differences in virulence
among bvI and III Ras strains.
Ji et al. (2007) observed that Ras strains from orna-
mentals (Hydrangea paniculata, H. macrophylla and
Pelargonium x hortorum), pepper, tomato, tobacco and
potato showed significant differences in virulence on to-
bacco, but had similar virulence levels on tomato. In
this study, Burley tobacco was less susceptible to most
of the tested strains, since only four of them (IBSBF
309, 292, 2131 and 1545 from tobacco, tomato, Euca-
lyptus and Melanthera discoidea) were aggressive, with
DI greater than or equal to 80%. In spite of the fact
that all strains caused disease in tobacco, nine strains
were less aggressive, showing a DI below or equal to
25% (Table 2). 
With the gradual increase of exchange of plant mate-
rial between countries from different parts of the globe,
the geographic distribution of Ras strains may change
significantly (Swansom et al., 2005). For instance, Ras
strains from geranium were detected in the USA and
Europe in batches of introduced seedlings from Central
America and Africa (EPPO, 2004; Norman et al., 2009).
Data obtained in our experiments are of great impor-
tance since in the search for resistance of economic
plant species to bacterial wilt the following traits should
be considered: prevalence of strains in different hosts
and regions, susceptibility of certain hosts, virulence of
certain strains combined with other features, like the
possibility of bacterial survival in association with non-
host plants, soil type and temperature, among other fac-
tors which were not part of our study.
The need of understanding the evolutionary relation-
ship, virulence and genetic diversity of strains from dif-
ferent species as Ras hosts may lead to the development
of further molecular tools for diagnosis which may be
useful for studying the ecology and epidemiology of this
important bacterial species. The knowledge of the dis-
tribution of Ras in any given country could be very use-
ful for plant breeding programs and/or for quarantine
measures.
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